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which sensitively and reliably detects the 



PURPOSE: To provide a behavior detector 



moving direction and velocity of particulates. 



CONSTITUTION: Laser oscillators 21 , 22 to 



emit at least two laser beams different in 



wavelength, a scanner mechanism 25 to 



form the respective laser beams emitted 



from the laser oscillators into mutually-parallel plane shapes for irradiating a 
space to be measured and a photoelectric transfer element to receive scattered 
beams from particulates passing through the space 26 to be measured from the 
direction almost perpendicular to the plane direction of the laser beams in 
wavelengths for photoelectric transfer are provided. Also, an image pickup 
optical system 27 to pick up the behavior image of particulates viewed along the 
direction almost perpendicular to the plane direction of the laser beams and a 
three-dimensional coordinate calculator 33 to three-dimensionally find the 
moving direction and velocity of particulates by using an image pickup signal 
from the image pickup optical system 27 and a photoelectric transfer signal from 



the photoelectric transfer element are provided. 
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CLAIMS 
[Claim(s)] 

[Claim 1] A radiation means to emit at least two laser beams from which 
wavelength differs in the metering device which measures the behavior of the 
particle which passes through measurement space, The laser radiation means 
which fabricate each laser beam emitted by this radiation means in a 
respectively parallel flat-surface configuration, and the above-mentioned 
measurement space is made to irradiate, The light-receiving means which 
receives and carries out photo electric translation of the scattered light from the 



above-mentioned particle which passes through the above-mentioned 
measurement space according to wavelength from the direction which intersects 
perpendicularly mostly to the direction of a flat surface of the above-mentioned 
laser beam, An image pick-up means to picturize the behavior of the 
above-mentioned particle seen from the direction of a flat surface of the 
above-mentioned laser beam, and the direction which intersects perpendicularly 
mostly, The behavior metering device of the particle characterized by providing 
the migration direction of the above-mentioned particle, and an operation means 
to find a rate in three dimensions, with the image pick-up signal of this image 
pick-up means, and the photo-electric-translation signal from the 
above-mentioned light-receiving means. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the behavior metering device of a 
particle used in order to measure the migration condition and rate of a particle. 



[0002] 

[Description of the Prior Art] For example, in manufacture of a semi-conductor, 
even if an about 1 -micron particle adheres on a semi-conductor wafer, the 
manufactured semi-conductor serves as a defective. Then, the behavior of the 
particle in [ various / which is used by the production process of a 
semi-conductor ] a chamber is measured, it asks [ the ] for the source of raising 
dust of a particle from migration, and taking a cure is performed. 
[0003] Drawing 4 shows the behavior metering device of the conventional 
particle. This behavior metering device is equipped with the 1st thru/or 3rd laser 
oscillator 1-3. The 1st laser oscillator 1 is the helium-Ne laser which outputs a 
red laser beam, the 2nd laser oscillator 2 is helium-Cd laser which outputs a 
green laser beam, and Ar laser which outputs a laser beam with the 3rd blue 
laser oscillator 3 is used. 

[0004] Laser beam LI -L3 outputted from each laser oscillators 1-3 Incidence is 
carried out to the scanner style 4. That is, the scanner style 4 consists of 
reflective mirror 5b in which splash actuation is carried out by motor 5a and this 
motor 5a, and is above-mentioned laser beam L1 -L3. It is carrying out incidence 
to the above-mentioned reflective mirror 5b, and reflecting in it, and is fabricated, 



the laser beams s, p, and q, i.e., the flat-surface laser beams, of a flat-surface 
configuration parallel to Z shaft orientations of the axis of coordinates shown in 
this drawing. These flat-surfaces laser beams s, p, and q irradiate the 
measurement space 6 which is the field shown by the drawing destructive line. 
[0005] A direction [ the above-mentioned measurement space 6 ] vertical to each 
above-mentioned flat-surface laser beams s, p, and q, i.e., picturized by the 
image pick-up optical system 7 from Y. This image pick-up optical system 7 
comes to connect the high sensitivity Calah-camera 9 with a telephoto lens 8. 
The image output terminal of this high sensitivity Calah-camera 9 is connected to 
the input terminal of VTR1 1 , and the image output terminal of this VTR1 1 is 
connected to the input terminal of the Calah-monitor TV 12. 
[0006] By considering as such a configuration, in case a particle passes each 
above-mentioned flat-surface laser beams s, p, and q in the above-mentioned 
measurement space 6, the scattered light of the same wavelength as a 
flat-surface laser beam is produced in order of passage, respectively. Therefore, 
then, the image pick-up optical system 7 carries out the sequential image 
pick-up of the scattered light of each color, outputs it as a video signal, is 
recorded on a magnetic tape with VTR1 1 , and is further projected on the 



Calah-monitor TV 12 as an image. Thereby, the movement magnitude of a 
particle can be recognized now in three dimensions by the output color order 
and its image coordinate in the Calah-monitor TV 12. 

[0007] However, according to such a configuration, since the Calah-camera 9 
had to be used for detecting the behavior of a particle, it might be said on the 
engine performance that detection sensitivity was low. And it may be said that 
the scattered light from a particle must increase the output of each laser 
oscillators 1-3 for the Calah-camera 9 to detect good and raise ****** and 
detection precision since it is feeble. 

[0008] moreover, since the rate of a particle must be found with the 
scanning-line frequency of the Calah-camera 9, in order that it will be obtained if 
catching certainly is difficult for it when a rate is quick, it may have things and 
may process based on a video signal further, it has that grasp of a chip and the 
detection particle number is also difficult for real time nature. 
[0009] 

[Problem(s) to be Solved by the Invention] Thus, conventionally, in order that it 
could not detect certainly a particle with quick about [ that detection sensitivity 
may call it a low pile ] and rate since detection of a particle used the 



•i'- 



Calah-camera, or it might process based on a video signal, it had a thing, like 
real time nature Is missing. 

[0010] The place which this invention was made based on the above-mentioned 
situation, and is made into that object is to offer the behavior metering device of 
the particle it enabled it to raise the detection precision of the behavior of a 
particle, as the scattered light from a particle can be detected with sufficient 
sensibility. 
[0011] 

[Means for Solving the Problem] In the metering device which measures the 
behavior of the particle to which this invention passes through measurement 
space in order to solve the above-mentioned technical problem A radiation 
means to emit at least two laser beams from which wavelength differs, and the 
laser radiation means which fabricate each laser beam emitted by this radiation 
means in a respectively parallel flat-surface configuration, and the 
above-mentioned measurement space is made to irradiate. The light-receiving 
means which receives and carries out photo electric translation of the scattered 
light from the above-mentioned particle which passes through the 
above-mentioned measurement space according to wavelength from the 



direction which intersects perpendicularly mostly to the direction of a flat surface 
of the above-mentioned laser beam, It is characterized by providing the 
migration direction of the above-mentioned particle, and an operation means to 
find a rate in three dimensions with the photo-electric-translation signal from an 
image pick-up means to picturize the behavior of the above-mentioned particle 
seen from the direction of a flat surface of the above-mentioned laser beam, and 
the direction which intersects perpendicularly mostly, and the image pick-up 
signal of this image pick-up means and the above-mentioned light-receiving 
means. 
[0012] 

[Function] According to the above-mentioned configuration, since photo electric 
translation is carried out. it is detected and the behavior and the rate of the 
above-mentioned particle are computed by the photo-electric-translation signal 
and image pick-up signal, the scattered light from a particle can raise detection 
sensitivity and precision compared with the case of a video signal with the 
Calah-camera. 
[0013] 

[Example] Hereafter, one example of this invention is explained with reference to 



drawing 1 thru/or drawing 3 . The behavior metering device shown in drawing 1 
is the laser beam L1 of different wavelength, and L2, respectively. It has the 1st 
laser oscillator 21 to oscillate and the 2nd laser oscillator 22. The laser beam LI 
by which the oscillation output was carried out from these laser oscillators 21 
and 22, and L2 It is carrying out incidence to the mirror 24 of the scanner style 
25 by which splash actuation is carried out, and reflecting by the motor 23, and is 
fabricated by the laser beam of flat-surface configuration parallel to Z direction of 
axis of coordinates shown in this drawing, i.e., the 1st, and 2nd flat-surface laser 
beam s and p. These flat-surfaces laser beams s and p irradiate the 
measurement space 26 which is the field shown by the drawing destructive line. 
[0014] A direction [ the above-mentioned measurement space 26 ] vertical to 
each above-mentioned flat-surface laser beams s and p, i.e., picturized by the 
image pick-up optical system 27 from Y. This image pick-up optical system 27 is 
equipped with the telephoto lens 28. The scattered light produced in case a 
particle passes each flat-surface laser beams s and p in the above-mentioned 
measurement space 26 carries out incidence to this telephoto lens 28. 
[0015] The scattered light which carried out incidence to the above-mentioned 
telephoto lens 28 is divided into two by the half mirror 29 as shown in drawing 2 . 



After while having passed this half mirror 29, and carrying out incidence of the 
scattered light to an image intensifier 31 and being amplified, it is picturized with 
the image pick-up camera 32. the image output terminal from the 
above-mentioned image pick-up camera 32 is connected to the input terminal of 
three-dimensions coordinate count equipment 33 and a monitor TV 34, 
[0016] Reflecting only the scattered light from flat-surface laser beam [ of ** a 
1st ] s, the scattered light from flat-surface laser beam [ of ** a 2nd ] p carries out 
incidence only of the wavelength of specification [ the scattered light reflected by 
the above-mentioned half mirror 29 ] to the dichroic mirror 35 to penetrate. Photo 
electric translation of the scattered light reflected with this dichroic mirror 35 is 
carried out by the 1st optoelectric transducer 36, and photo electric translation of 
the transmitted scattered light is carried out by the 2nd optoelectric transducer 
— '37. " 

[0017] The electric pulse signal (photo-electric-translation signal) outputted from 
each above-mentioned optoelectric transducers 36 and 37 is inputted into the 
above-mentioned three-dimensions coordinate count equipment 33. This 
three-dimensions coordinate count equipment 33 computes the passing speed 
of a particle so that it may mention later with the above-mentioned electric pulse 



signal and the image pick-up signal from the above-mentioned image pick-up 
camera 32. 

[0018] Below, the procedure in which the metering device of the 
above-mentioned configuration detects the behavior of a particle is explained. 
First, the 1st and 2nd laser oscillator 21 and 22 is operated, the oscillation output 
of a laser beam L1 and L2 is carried out, these laser beams are reflected by the 
mirror 24 of the scanner style 25, and 1st flat-surface laser beam s and 2nd 
flat-surface laser beam p are formed in the measurement space 26. 
[0019] A particle trespasses upon the above-mentioned measurement space 26, 
and as It is indicated in (b) as drawing 3 (a), when the particle passes through 
between 1st flat-surface laser beam s and 2nd flat-surface laser beam p, the 
travel and rate of the particle are found as follows by the above-mentioned 
three-dimensions coordinate count equipment 33. In addition, drawing 3 (a) 
shows the condition that a particle moves between 1st flat-surface laser beam s 
and 2nd flat-surface laser beam p which were seen from X shaft orientations of 
the axis of coordinates shown in drawing 1 , and drawing 3 (b) shows the 
migration condition of the particle in the X-Z flat surface which the image pick-up 
camera 32 picturized. 



[0020] First, it will be divided into the scattered liglit which penetrates this half 
mirror 29, and the scattered light to reflect, if the scattered light occurs from each 
flat-surface laser beams s and p, that scattered light is caught with a telephoto 
lens 28 and incidence is carried out to a half mirror 29 by passing through the 
2nd laser flat surface p, after a particle passes 1st flat-surface laser beam s. The 
transmitted scattered light is being amplified by the image intensifier 31 and 
picturized with the image pick-up camera 32, and the image pick-up signal 
shown in drawing 3 (b) is inputted into three-dimensions count equipment 33. 
[0021] With the image pick-up signal from the above-mentioned image pick-up 
camera 32, the travel in the X-Z flat surface of a particle If the point of passing an 
A point and 2nd flat-surface laser beam p for the point that a particle passes 1st 
flat-surface laser beam s is made into a B point, the slant range r during a B 
point from the A point on the screen of a monitor TV 34 For (XA-XB) and vertical 
distance deltaZ, since it is (ZA-ZB), horizontal distance [ when the coordinate of 
(XA, ZA). and a B point is set to (XB and ZB) for the coordinate of the 
above-mentioned A point ] deltaX between A-B points is [0022]. 
[Equation 1] 



It comes out and asks. When the distance of flat-surface laser beam s of the 
above 1st and flat-surface laser beam p of the above 2nd is known and the 
distance is set to I, the net slip distance lAB of the above-mentioned particle is 
[0023]. 
[Equation 2] 

1 y 1 2 + r 2 ...(2)S; 

It comes out and asks. 

[0024] On the other hand, among the scattered lights reflected by the 
above-mentioned half mirror 29, it reflects with a dichroic mirror 35, and photo 
electric translation of the scattered light from flat-surface laser beam [ of ** a 1st ] 
s is carried out by the 1st optoelectric transducer 36, and it is inputted into 
three-dimensions coordinate count equipment 33, Drawing 3 (c) shows the 
electric pulse signal at this time, and the generating time amount of that electric 
pulse signal is tO. It is recognized by carrying out. 

[0025] If the scattered light occurs, the scattered light will penetrate a dichroic 
mirror 35, and photo electric translation will be carried out by the 2nd optoelectric 



transducer 37. and it will be inputted into three-dimensions coordinate count 
equipment 33, because the above-mentioned particle passes 2nd flat-surface 
laser beam p. The generating time amount of the electric pulse signal at this time 
is t1 . It is checked by carrying out. 

[0026] Thus, if time amount deltat= (t1-tO) until it passes 2nd flat-surface laser 
beam p from flat-surface laser beam [ of ** a 1st ] s is detected as an electric 
pulse signal, the rate v of a particle will be that the net slip distance lAB is found 
from the above-mentioned (2) formula, and will be computed as follows. 
V=IAB/deltat - (3) Formula [0027] Thus, according to this invention, since the 
migration condition and rate of a particle are detectable with the electric pulse 
signal by which photo electric translation was carried out to the image pick-up 
signal from the image pick-up camera 32 for every scattered light of each 
wavelength hot using the Calah-camera, in order to raise sensibility like [ at the 
time of using the Calah-camera ], it is not necessary to increase the output of 
each laser oscillators 21 and 22. Moreover, since optoelectric transducers 36 
and 37 perform detection when a particle passes each flat-surface laser beams s 
and p, the time amount at that time can be detected to high degree of accuracy, 
and the passing speed of a particle can also be computed to high degree of 



accuracy by it. Furthermore, since optoelectric transducers 36 and 37 detect the 
scattered light even if the passing speed of a particle is high-speed, the 
detection can be ensured. 

[0028] In addition, this invention is not limited to a up Norikazu example, but is 
variously deformable. For example, you may make it use the equipment which 
oscillates the laser beam of two or more wavelength with one equipment like an 
Ar ion laser instead of using two or more laser oscillators as a radiation means of 
a laser beam. 

[0029] Moreover, as a radiation means of a laser beam, a higher harmonic is 
generated by making the laser beam of single wavelength put to nonlinear 
crystal ON, and you may make it form the flat-surface laser beam of wavelength 
which carries out wavelength separation of the laser beam including the higher 
harmonic with a dichroic mirror, and is different. Moreover, instead of a scanner 
style, it may be made to perform a means to form a flat-surface laser beam, with 
a configuration with a lens etc. Moreover, the image pick-up system of a X-Z flat 
surface and a detection system which is different in the scattered light and which 
detects for every wavelength may be the configurations of having dissociated. 
[0030] 



lE«eot of the ,nven..onl As stated above, this invention computed the migration 
condition and rate Of a particle With the image pick-up means and the 

photo-electrictranslation means which detects and carries out photo electric 
,ransla«on of the scattered light according to wavelength. Therefore, since the 
„,easurement can t« perfom,ed without using the Calah-camera llKe beft.re, it 
,as an advantage, like detection of about I that measurement sensibility can be 
raised without raising the output of a laser beam ] and its rate can also be 
performed with a sufficient precision. 



[Translation done.] 
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